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Pulse wave velocityAbstract Background: Increased arterial stiffness can be used as a prognostic marker of arterial
hypertension. The relationship between arterial stiffness and arterial hypertension seems to be recip-
rocal.
Objective: Evaluation of changes of the arterial elastic prosperities in normotensive subjects, with
and without parental history of hypertension.
Subjects and Methods: One hundred and ten normotensive individuals, aged 20–30 years, were
divided into two groups: group-A (n= 57) and group-B (n= 53) subjects with positive and nega-
tive parental history of hypertension, respectively. Systolic, diastolic and pulse pressures were mea-
sured using mercury sphygmomanometer. The elastic properties of the ascending aorta and the
common carotid arteries were assessed using M-mode echo and B-mode imaging, respectively. Stiff-
ness index of the digital volume pulse (SIDVP) was measured in the right index ﬁnger using pho-
toplethysmography.
Results: Group A subjects showed higher aortic stiffness index (p= 0.002), carotid stiffness index
(p= 0.001), carotid pulse wave velocity (p 6 0.001) and stiffness index of digital volume pulse
(p= 0.001). Group A subjects showed lower aortic distensibility (p= 0.001), aortic strain
(p= 0.004), changes in aortic diameter (p= 0.022), carotid distension (p= 0.026), carotid disten-
sibility coefﬁcient (p 6 0.001) and carotid compliance coefﬁcient (p= 0.002).
Conclusion: The aortic and carotid stiffness parameters and SIDVP were higher in normotensive
offspring of hypertensive parents. This ﬁnding could direct the attention towards the increased car-
diovascular risk in this group and thus prompt earlier and tighter prevention of cardiovascular risk
factors.
 2016 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
An abnormal large arterial function plays an important role in
the pathogenesis of cardiovascular disease.1 The aortic elastice Egypt
2 G. Youssef et al.properties are important determinants of blood pressure and
left ventricular function.
Diastolic blood pressure (DBP) is determined by peripheral
arterial resistance, while Systolic blood pressure (SBP) and
Pulse pressure (PP) are inﬂuenced more by the stiffness of large
arteries, as well as, peripheral pulse wave reﬂection and the
pattern of left ventricular ejection.2,3
Increased stiffness of the aorta is an important determinant
of future increases in Blood pressure (BP) and progression of
hypertension.4–7 The association between vascular stiffness
and blood pressure is particularly interesting because the func-
tional relationship is likely bidirectional.8 Elevated blood pres-
sure may cause vascular damage and accelerated conduit
artery stiffness.8 Conversely, aortic stiffening increases pres-
sure pulsatility and therefore affects systolic blood pressure:
not only the aorta, as it also found that higher carotid artery
stiffness was associated with incident hypertension.9
Offspring of hypertensive have higher blood pressures,
weight, height, and body surface area compared to the off-
spring of normotensive parents.10
In addition, family history of hypertension considered a
predictor of hypertension that may be a stronger risk factor
for hypertension than other factors.11,12
Measuring arterial stiffness helps to identify patients at
high risk for hypertension and serve to re-emphasize the
importance of preserve arterial function in the primary preven-
tion of hypertension.13 This study hypothesized that offspring
of parents with hypertension would have greater arterial stiff-
ness compared with offspring of parents without hypertension.
2. Methodology
2.1. Study population
One hundred and ten drug-naı¨ve normotensive individuals,
including volunteering doctors and nurses, aged 20–30 years,
were recruited by a non-randomized way. They were divided
into 2 groups, group A, 57 subjects and group B, 53 subjects
with positive and negative parental history of hypertension,
respectively. Exclusion criteria were diabetes mellitus, chronic
renal failure (serum creatinine >1.4 mg/L) and hypertension.
Subjects were asked to refrain from caffeine, smoking and
strenuous exercise for 12 h before the study. After a light
breakfast following overnight fasting, the subject is asked to
rest in bed in the supine position for 15 min. Each subject
was evaluated clinically and his/her height and weight were
measured and BMI was calculated.
2.2. Blood pressure measurements
Blood pressure was measured in the right arm using mercury
sphygmomanometer, taking into consideration the appropri-
ate cuff size. Korotkoff phases I and V were used to deﬁne
the systolic and diastolic blood pressures, respectively. Mea-
surements were taken 3 times per visit, 2 min apart, and were
averaged.
2.3. Echocardiographic measurements
Transthoracic echocardiography was performed to conﬁrm
absence of organic heart diseases and to evaluate the aorticPlease cite this article in press as: Youssef G et al. Familial history of hypertension a
Heart J (2016), http://dx.doi.org/10.1016/j.ehj.2016.07.003elastic properties, based on the standards of the American
Society of Echocardiography14 by an experienced echocardio-
grapher, using a commercially available machine (Esaote
MyLab 60) with a 2.5 MHz phased-array transducer.
2.4. Calculation of the elastic parameters of the aorta (Fig. 1)
The diameter of the ascending aorta was measured in the
parasternal long axis view by 2D-guided M-mode tracing.
Measurements were taken 3 cm distal to the aortic valve.
The systolic diameter was measured at the maximal anterior
excursion of the aortic valve, whereas the diastolic diameter
was measured at the peak of the QRS complex on the simulta-
neously recorded electrocardiogram. Three consecutive mea-
surements were taken and averaged. The aortic stiffness
index, aortic distensibility and aortic strain were calculated
by the following formula:
Aortic b stiffness index ¼ lnðSBP=DBPÞ=½ðSDDDÞ=DD15
where In, natural logarithm; SBP and DBP, systolic and dias-
tolic blood pressures, respectively; SD = systolic diameter,
and DD= diastolic diameter.
Aortic strain ð%Þ ¼ ðSDDDÞ=DD13–15
Aortic distensibility ðcm2=dyneÞ
¼ 2 ðSDDDÞ=½ðSBPDBPÞ DD15
The value obtained from the equation of aortic distensibil-
ity should be multiplied to 1333 to convert mmHg to
cm2/dyne.2.5. Ultrasound imaging of Common Carotid Artery (CCA)
(Figs. 2 and 3)
Measurements of carotid distension were performed by track-
ing arterial wall movement with adequate spatial and temporal
resolution.16 Longitudinal images of the both CCA, were
obtained with linear 10 MHz probe. A rectangular region of
interest (ROI) was placed at CCA segment starting approxi-
mately 1–2 cm before the carotid bifurcation. Arterial disten-
sion was measured in 32 scanning lines positioned within the
ROI (sampling rate of 550 Hz on 32 lines). During the acqui-
sition, orange lines indicated the automatic positioning of
tracking cursors on the media-adventitia interface, whereas
continuous green lines displayed dynamically the ampliﬁed
vessel wall movement. From the real-time distension curves,
displayed in blue at the bottom of the screen, maximum and
minimum carotid diameters were measured, carotid distension
and minimum diameter in the last six cardiac cycles were pre-
sented beat-to-beat on the screen and the mean value and stan-
dard deviation were continuously calculated.16 The local
carotid pressure is automatically estimated by converting the
distension curve to pressure curve by a linear conversion fac-
tor.16 The peripheral BP was needed for calibration of the dis-
tension curves.16
The following parameters were automatically calculated:
carotid distension, compliance coefﬁcient, distensibility coefﬁ-
cient, pulse wave velocity (PWV), carotid beta-stiffness index
and local blood pressure (systolic and diastolic).s a predictor of increased arterial stiﬀness in normotensive oﬀspring, The Egypt
Figure 1 Measurements of diastolic and systolic diameters of the ascending aorta through M-mode imaging on parasternal long axis
view, 3 cm distal to the aortic valve. (a) Diastolic assessment of aortic diameter at peak of QRS. (b) Systolic assessment of aortic diameter
at maximum excursion of the aortic valve.
Figure 2 Quality intima medial thickness (QIMT) measurement. Continuous orange line means perpendicular position of the probe over
the carotid artery, continuous green line is needed for proper assessment of IMT, large green box is ROI, small yellow box shows the
reading of SD, and when it is green this means that the reading of the IMT is close.
Hypertension as a predictor of increased arterial stiffness 32.6. Assessment of Stiffness index of digital volume pulse
(SIDVP)
It usually exhibits an early systolic peak and a later peak or
point of inﬂection that occurs short time (DTDVP) after the
ﬁrst peak in early diastole.17 DTDVP can be used to inferPlease cite this article in press as: Youssef G et al. Familial history of hypertension a
Heart J (2016), http://dx.doi.org/10.1016/j.ehj.2016.07.003the transit time taken for pressure to propagate along the aorta
and large arteries to the major sites of reﬂection in the lower
body and back to the root of the subclavian artery. This path
length is unknown, but can be assumed to be proportional to
subject height (h).18
SIDVP ¼ h=DTDVP17s a predictor of increased arterial stiﬀness in normotensive oﬀspring, The Egypt
Figure 3 Diameter wall tracking: Continuous orange lines without interruptions indicate a good detection.
Figure 4 Digital volume pulse obtained from plethysmography. Upper channel represents pulse waveform, and lower channel represents
rate of changes of volume of blood in the digital artery during cardiac phase.
Figure 5 Upper channel represents averaged waveform, the shaded represents the time difference between reﬂected wave and forward
wave, and lower channel represents the rate of the changes of the blood volume in the digital artery.
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Figure 6 Amplitude of the forward wave.
Hypertension as a predictor of increased arterial stiffness 52.7. Acquisition of the DVP and signal processing by
Photoplethysmography (Figs. 4–6)
Subjects had to rest in the sitting position for at least 5 min in a
temperature controlled environment (24 ± 1 C) before the
measurements were taken. Digital volume pulse was measured
using PowerLab 4/35 data acquisition system (ADInstruments,
LTD). Digital volume pulse was detected using MLT1020PPG
infrared plethysmograph. Signal from the photocell was digi-
tized and analyzed using LabChart software (ADInstruments,
LTD). The signal from the plethysmograph was digitized using
a 12-bit analogue-to-digital converter with a sampling fre-
quency of 100 Hz. DVP waveforms were recorded over a
20 s period and ensemble-averaged to obtain a single wave-
form from which DTDVP was determined.
Volunteers who had an SI variation of >15% within measure-
ments were excluded. All measurements were performed by the
same operator. Reﬂection index was measured as the ratio between
the amplitude of the second and ﬁrst peaks of DVP waveform.
2.8. Statistical analysis
Data were collected and analyzed using the Statistical Package
for Social Sciences (SPSS) version 18. Data were expressed asTable 1 The baseline clinical characteristics of both groups.
Variable Total (n= 110)
Median (range)
Age (years) 26 (20–30)
Height (m) 1.75 (1.50–1.91)
Weight (kg) 79 (45–123)
BMI (kg/m2) 25.78 (15–38)
Systemic systolic pressure (mmHg) 120 (105–140)
Systemic diastolic pressure (mmHg) 80 (60–90)
Pulse pressure (mmHg) 50 (30–70)
Heart rate (BPM) 75 (52–96)
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Heart J (2016), http://dx.doi.org/10.1016/j.ehj.2016.07.003median and range for all parameters to both groups. Indepen-
dent sample t-test was used to compare between both groups.
A probability level of p-value 60.05 was considered as statisti-
cally signiﬁcant in all results obtained. Multiple linear regres-
sion analysis was used to assess the association between
different variables and arterial stiffness.
3. Results
3.1. Baseline characteristics of both groups are represented in
Table 1
Subjects of both groups were generally young, overweight,
having normal systolic and diastolic blood pressure and nor-
mal heart rate.
3.2. Aortic diameter and aortic elastic parameters (Table 2)
Evaluation of aortic elastic parameters showed that, in com-
parison with group B subjects, group A subjects had statisti-
cally signiﬁcant higher values regarding aortic systolic
diameter, aortic diastolic diameter, change in aortic diameter
and aortic stiffness index and lower values regarding aortic dis-
tensibility and aortic strain.Group A (n= 57) Group B (n= 53) p Value
Median (range) Median (range)
27 (20–30) 25 (21–30) 0.027
1.76 (1.6–1.9) 1.73 (1.5–1.91) 0.117
80 (60–123) 77 (45–115) 0.038
27.18 (18.9–38.3) 24.86 (15.03–37.6) 0.033
130 (110–140) 120 (105–140) 0.003
80 (65–90) 80 (60–90) 0.120
50 (30–70) 45 (30–60) 0.032
72 (56–96) 76 (52–96) 0.921
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Table 2 Aortic stiffness parameters.
Variable Total (n= 110) Group A (n= 57) Group B (n= 53) P Value
Median (range) Median (range) Median (range)
Aortic systolic diameter (cm) 2.7 (2.2–3.53) 2.81 (2.3–3.53) 2.63 (2.2–3.51) 0.007
Aortic diastolic diameter (cm) 2.49 (1.8–3.35) 2.64 (2.12–3.35) 2.38 (1.8–3.32) 60.001
Change in aortic diameter (cm) 0.21 (0.07–0.58) 0.19 (0.09–0.54) 0.24 (0.07–0.58) 0.022
Aortic SI 5.75 (1.55–15.93) 6.36 (1.85–15.93) 4.47 (1.55–15.32) 0.002
Aortic strain (%) 8.39 (3.15–21.56) 7.017 (3.15–19.78) 10.34 (3.16–21.56) 0.004
Aortic distensibility (cm2 dyne1) 4.6 (1.8–18.1) 4.1 (1.8–13.1) 6.1 (1.9–18.1) 0.001
Table 3 Carotid stiffness parameters in the study population.
Variable Total (n= 110) Group A (n= 57) Group B (n= 53) P Value
Median (range) Median (range) Median (range)
Carotid distension (lm) 600.5 (242–997) 564 (242–997) 608 (314–939) 0.026
Carotid stiﬀness index 4.37 (1.77–11.25) 5.1 (2.09–11.25) 4.19 (1.77–9.90) 0.001
Carotid PWV (m/s) 4.98 (3.39–8.57) 5.32 (3.39–8.57) 4.74 (3.52–6.91) 60.001
Local carotid systolic pressure (mmHg) 112 (93–139) 118 (94–139) 108 (93–133) 0.01
Local carotid diastolic pressure (mmHg) 80 (60–90) 80 (65–90) 80 (60–90) 0.061
QIMT (lm) 619 (342–701) 523 (364–701) 511 (342–687) 0.365
Distensibility coeﬃcient (1/kpa) 0.04 (0.01–0.08) 0.03 (0.01–0.08) 0.04 (0.02–0.08) 60.001
Compliance coeﬃcient (m2/kpa) 1.47 (0.50–3.22) 1.24 (0.50–2.88) 1.54 (0.73–3.22) 0.002
Table 4 DVP parameters.
Variable Total (n= 110) Group A (n= 57) Group B (n= 53) P Value
Median (range) Median (range) Median (range)
First peak amplitude (V) 0.077 (0.0008–1.95) 0.0792 (0.0008–0.23) 0.071 (0.0008–1.95) 0.844
Second peak amplitude (V) 0.030 (0.0002–0.39) 0.026 (0.0003–0.11) 0.035 (0.0002–0.39) 0.816
Time diﬀerence between two peaks (M/S) 0.204 (0.100–0.29) 0.179 (0.100–0.298) 0.226 (0.100–0.273) 0.003
Stiﬀness index 8.37 (5.87–17.8) 9.64 (5.87–17.8) 7.73 (5,93–17.64) 0.001
Reﬂection index 0.384 (0.16–0.68) 0.379 (016–0.65) 0.39 (0.18–0.68) 0.271
Table 5 Multiple linear regression analysis between parental
history of hypertension and arterial stiffness.
Parameter Family history of hypertension P Value
Beta coeﬃcient
Stiﬀness index DVP 0.273 0.005
Aortic stiﬀness index 0.218 0.028
Aortic distensibility 0.255 0.008
Aortic strain 0.232 0.016
Carotid distension 0.185 0.053
Carotid stiﬀness index 0.336 0.001




Compliance coeﬃcient 0.256 0.009
6 G. Youssef et al.3.3. Carotid elastic parameters (Table 3)
Evaluation of carotid elastic parameters showed that, in com-
parison with group B subjects, group A subjects had statisti-
cally signiﬁcant lower values regarding carotid distension,
distensibility coefﬁcient and compliance coefﬁcient and theyPlease cite this article in press as: Youssef G et al. Familial history of hypertension a
Heart J (2016), http://dx.doi.org/10.1016/j.ehj.2016.07.003had higher values regarding carotid stiffness index and carotid
PWV.
3.4. Digital volume pulse parameters (Table 4)
Group A subjects showed statistically signiﬁcant higher
SIDVP and time difference between systolic and diastolic
peaks. This signiﬁes that the pulse wave traveled faster in
group A subjects, who had higher stiffness index.
It was found that the presence of a parental history of
hypertension is a powerful predictor of increased arterial stiff-
ness in their offspring, as described in Table 5.
4. Discussion
Increased arterial stiffness has been shown to be associated not
only with age but also with several other vascular risk factors,
especially hypertension and diabetes mellitus.19 Consequently,
it is regarded as a summary measure for vascular damage
caused by other risk factors. Furthermore, arterial stiffness
seems to be a vascular risk factor itself, as it was shown to
be independently related to the risk of stroke, myocardials a predictor of increased arterial stiﬀness in normotensive oﬀspring, The Egypt
Hypertension as a predictor of increased arterial stiffness 7infarction, and cardiovascular death.20,21 It has been reported
that hypertensive adults have a twofold increase in arterial
stiffness values compared to normotensives22. Arterial stiffen-
ing is considered as a consequence of arterial hypertension and
other cardiovascular risk factors. However, recent evidence
suggests that arterial stiffening may exist without the presence
of arterial hypertension, which allows the hypothesis that it
may be both a cause and effect of arterial hypertension.23
Recent studies suggest that offspring of hypertensive parents
have higher blood pressure values24 and increased left ventric-
ular mass.25 While many studies were conducted concerning
arterial stiffness assessment in adults, only a few studies refer
to younger subjects26,27
Measuring systemic blood pressure using the conventional
sphygmomanometer techniques, we found that group (A) sub-
jects, with parental history of hypertension, had signiﬁcantly
higher systolic and pulse pressures than group B subjects, with
normotensive parents. It was also found that pulse, and not
systolic blood pressure, might be an indicator of increased
arterial stiffness. These results were similar to the results found
by Yasmin et al.28 who observed that offspring of hypertensive
compared with normotensive parents had higher systolic/dias-
tolic BP (123/75 vs. 118/71 mmHg). They also reported that
offspring of hypertensive parents had higher peripheral pulse
pressure (49 vs. 47 mmHg; P 6 0.01).
Aortic elastic properties were determined by M-mode
echocardiography, and it was found that group A subjects
had higher aortic stiffness index, less distensibility and less aor-
tic strain, meaning that they had higher aortic stiffness com-
pared to group B subjects. Similar results were found by
Harun et al.29 who studied a total of 140 healthy, non-obese
subjects in the age group of 18–22 years and showed that the
aortic stiffness index was higher, but aortic distensibility and
strain were lower in offspring of hypertensive parents, com-
pared to offspring of normotensive parents. Kyvelo et al.30
studied a similar group of subjects and also found that the off-
spring with at least one parent with arterial hypertension had
higher arterial stiffness indices compared to offspring with nor-
motensive parents, independently of age and blood pressure
levels or other confounders.
It was found that the carotid stiffness index and carotid
PWV were higher and carotid distension, carotid distensibil-
ity coefﬁcient as well as carotid compliance coefﬁcient
were lower in subjects with hypertensive parents, which
implied that the carotid stiffness was higher in group A
subjects.
These results were similar to those of Meaney et al.31 who
studied 100 non-obese subjects, aged 10–20 years and were
descendants of hypertensive or normotensive parents. They
studied the characteristics of the ascending aorta using
M-mode echocardiography and the common carotid artery
bi-dimensional images. Carotid, but not aortic stiffness, and
maximum velocity ﬂow in the aorta were signiﬁcantly higher
in the offspring of the hypertensive parents; the comparisons
were, however, not adjusted for BP which was already higher
in this group.
It was found that, the stiffness index of DVP (SIDVP) and
the time difference between the ﬁrst and second peaks were
higher in offspring of hypertensive parents. Millasseau et al.18
used DVP to determine age-related increases in large arterial
stiffness by digital pulse contour analysis and concluded that
SIDVP, derived from the DVP is correlated with pulse wavePlease cite this article in press as: Youssef G et al. Familial history of hypertension a
Heart J (2016), http://dx.doi.org/10.1016/j.ehj.2016.07.003velocity between carotid and femoral artery (PWVcf), which
is the gold standard method in measuring PWV.
In multivariate analyses32 it was found that large-artery
properties are altered in offspring of hypertensive parents com-
pared with offspring of normotensive parents, but their ﬁnd-
ings from that cross-sectional study suggest that the
alterations in arterial function in offspring of hypertensive par-
ents are determined mainly by an increased blood pressure and
age-related hemodynamic changes.
Limitations of our study included absence of pulse wave
velocity measurements by tonometry which is the gold stan-
dard technique of measuring the arterial stiffness. The study
subjects were predominantly males which preclude us to do
valid statistical analysis to evaluate gender effect on arterial
stiffness in this age group.
To summarize, in non-hypertensive subjects with no overt
cardiovascular disease or symptoms at baseline, aortic elastic
properties can predict the increase in systolic BP, diastolic
BP, and pulse pressure beyond the prediction provided by risk
factors including initial level of BP.
So we recommend early screening of arterial stiffness in any
individual with parental history of hypertension, as increased
arterial stiffness is an antecedent factor of hypertension.
5. Conclusion
This study concluded that arterial stiffness parameters were
higher in normotensive subjects of hypertensive parents. This
ﬁnding could direct the attention toward the increased cardio-
vascular risk in this group and thus prompt earlier and tighter
prevention of cardiovascular risk factors.
6. Conﬂict of interest
There is no conﬂict of interests regarding this study.
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